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(57)  Aworksupportdevice (10)for assisting handling
of an object (T) by a worker (M), comprising:

an arm unit (30) including a grasping part (32) with
a handle (48), a plurality of joint parts (34), a plurality of
link parts (36), a brake unit (41), and a plurality of drive
units (40);

and a control unit (20) including a state determination
unit (50G) configured to determine a state of the arm unit
(30), and a brake control unit (50H) configured to control
the brake unit (41) to restrict the actuation of the arm unit
(30), wherein the control unit (20) is configured to control
actuation of the arm unit (30).

The worker (M) is intuitively assisted in moving the
arm unit (30) and safely performs work, wherein the
movement of the arm unit (30) is restricted in accordance

with the state of the arm unit (30), e.g. if the joint parts

(34) havereached atarget angle. Furthermore, obstacles
may be sensed as well and collision may be avoided.

WORK SUPPORT DEVICE, SYSTEM AND METHOD AND COMPUTER PROGRAM PRODUCT
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Description
FIELD

[0001] Arrangements described herein relate general-
ly to a work support device, a work support method, a
computer program product, and a work support system.

BACKGROUND

[0002] Devices that support work such as assembly
work and installation work of a heavy object have been
known. Forexample, in adisclosed configuration, a work-
piece weight for balancing with the weight of a workpiece
as a heavy object is provided at an end part of an arm
that supports the workpiece. An example of conventional
technology is described in Japanese Patent Application
Laid-open No. 6591641.

[0003] However,bythe conventional technology, there
are cases where a workpiece weight disturbs the work,
and it has been difficult to support work while avoiding
various interferers in a given region such as the inside
of a passage. In other words, by the conventional tech-
nology, there are difficult cases of achieving improved
work support.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004]

FIG. 1is a schematic diagram of a work support sys-
tem according to an arrangement;

FIG. 2 is a schematic diagram of an arm unit accord-
ing to the arrangement;

FIG. 3Ais anenlarged schematic diagram of agrasp-
ing part according to the arrangement;

FIG. 3B is an enlarged schematic diagram of the
grasping part according to the arrangement;

FIG. 3C is an enlarged schematic diagram of the
grasping part according to the arrangement;

FIG. 4 is a functional block diagram of the work sup-
port system according to the arrangement;

FIG. 5A is an explanatory diagram of actuation re-
striction of the arm unit in accordance with joint an-
gles of joint parts according to the arrangement;
FIG. 5B is an explanatory diagram of actuation re-
striction of the arm unit in accordance with the joint
angles of the joint parts according to the arrange-
ment;

FIG. 5C is an explanatory diagram of actuation re-
striction of the arm unit in accordance with the joint
angles of the joint parts according to the arrange-
ment;

FIG. 5D is an explanatory diagram of actuation re-
striction of the arm unit in accordance with the joint
angles of the joint parts according to the arrange-
ment;

FIG. 6 is an explanatory diagram of a set spatial re-
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gion according to the arrangement;

FIG. 7A is an explanatory diagram of actuation re-
striction of the set spatial region according to the
arrangement;

FIG. 7B is an explanatory diagram of actuation re-
striction of the set spatial region according to the
arrangement;

FIG. 8 is an explanatory diagram of actuation restric-
tion of the arm unit in a close state according to the
arrangement;

FIG. 9 is a flowchart illustrating the flow of work sup-
port processing according to the arrangement;
FIG. 10 is a flowchart illustrating the flow of interrupt
processing according to the arrangement; and
FIG. 11 is a diagram illustrating a hardware config-
uration according to the arrangement.

DETAILED DESCRIPTION

[0005] The following describes a work support device,
a work support method, a computer program product,
and a work support system in detail with reference to the
accompanying drawings.

[0006] FIG. 1is aschematic diagramiillustrating an ex-
emplary work support system 1 of the present arrange-
ment.

[0007] The work support system 1 is a system for sup-
porting work by a worker M. The worker Mis an exemplary
user. For example, the work support system 1 supports
work by the worker M in a passage.

[0008] The passage has such a size that the worker M
canworkinside. The passage is, forexample, an elevator
hoistway 2, a tunnel in which an object such as a vehicle
moves, or a sewer. The present arrangement describes
an example in which the passage is the elevator hoistway
2. The elevator hoistway 2 is also referred to as an ele-
vator shaft. The work support system 1 may be any sys-
tem that supports work by the worker M, and its support
target work is not limited to work in the passage such as
the elevator hoistway 2.

[0009] The work supportsystem 1 includesawork sup-
port device 10.

[0010] In the exemplary form described in the present
arrangement, the work support device 10 is disposed in
the elevator hoistway 2. In addition, in the exemplary form
described in the present arrangement, the work support
device 10 is disposed at a scaffold 3.

[0011] The scaffold 3 is a cradle capable of accommo-
dating the worker M. For example, the scaffold 3 is a
scaffold unit used in assembly of an elevator or the like,
an elevator car, or a workbench. The scaffold 3 is de-
tachably installed in the elevator hoistway 2 at mainte-
nance or the like. The scaffold 3 disposed in the elevator
hoistway 2 is supported by a displacement member dis-
posed at a top part of the elevator hoistway 2 through a
guide rail 4 and a cable. The scaffold 3 can be moved in
a height direction Z along the guide rail 4 in the elevator
hoistway 2 by the displacement member.
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[0012] Thework supportdevice 10 installed at the scaf-
fold 3 is movable in the height direction Z in the elevator
hoistway 2. Alternatively, the work supportdevice 10 may
be fixed in the elevator hoistway 2 or may be detachably
installed at the scaffold 3 disposed in the elevator hoist-
way 2. The following description of the present arrange-
ment assumes a case in which the worker M on the scaf-
fold 3 disposed in the elevator hoistway 2 works in the
elevator hoistway 2.

[0013] The work support device 10 includes a control
unit 20 and an arm unit 30.

[0014] The control unit 20 controls actuation of the arm
unit 30. The arm unit 30 is an assist mechanism for hold-
ing an object T. In other words, the arm unit 30 is a mech-
anism for supporting handling of the object T by the work-
er M.

[0015] The object T is a target that the worker M con-
tacts or holds at work. Examples of the object T include
various equipment and tools such as an electric drill and
an impact driver, and various attachment members and
fixation members such as a bracket, a guide rail, a coun-
ter weight, and a component.

[0016] In the present arrangement, the arm unit 30 is
supported at the scaffold 3 by a support unit 5. The sup-
port unit 5 is provided to an outer frame member 3A of
the scaffold 3 and movably supports the arm unit 30 along
the outer frame member 3A. For example, the support
unit 5 movably supports the arm unit 30 in an extension
direction (the direction of arrow Y) of the outer frame
member 3A. The support unit 5 is, for example, a linear
movement slider. Accordingly, the arm unit 30 has a com-
pact configuration and has a movable range in which
work by the worker M can be assisted without interfer-
ence with a work area of the worker M.

[0017] FIG. 2is a schematic diagram of an example of
the arm unit 30.

[0018] The arm unit 30 includes a grasping part 32, a
plurality of joint parts 34, and a plurality of link parts 36.
[0019] The grasping part 32 is a mechanism that
grasps the object T. The grasping part 32 includes a
mechanism such as a pinching mechanism or an elec-
tromagnetic chuck to grasp the object T.

[0020] Eachlinkpart36isabarmember.Inthe present
arrangement, the arm unit 30 includes, as the link parts
36, a link part 36A and a link part 36B. The link parts 36
are actuatably coupled through the joint parts 34.
[0021] "Actuation" means at least one of linear move-
ment, rotation, and pivot movement. "Actuatable” means
that at least one of linear movement, rotation, and pivot
movement is possible. In an exemplary form described
in the present arrangement, "actuation" means rotation,
and "actuatable" means rotatable.

[0022] The joint parts 34 are a coupling mechanism for
coupling a pair of the link part 36A and the link part 36B
and a pair of the link part 36B and the grasping part 32
in an actuatable manner. In the present arrangement,
the arm unit 30 includes joint parts 34A to 34F as the
joint parts 34.
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[0023] The joint part 34A and the joint part 34B couple
the link part 36A on the support unit 5 in an actuatable
manner. In the present arrangement, the joint part 34A
is a horizontal rotation joint that is horizontally rotatable.
The rotational axis of the joint part 34B orthogonally
crosses the rotational axis of the joint part 34A. The joint
part 34B is a vertical rotation joint that is vertically rotat-
able.

[0024] The joint part 34C and the joint part 34D couple
the link part 36A and the link part 36B with each otherin
an actuatable manner. In the present arrangement, the
joint part 34C is a horizontal rotation joint. The rotational
axis of the joint part 34D orthogonally crosses the rota-
tional axis of the joint part 34C. The joint part 34D is a
vertical rotation joint. The link part 36A has a parallel-link
structure. With this configuration, the joint part 34C is
horizontally rotatable irrespective of the rotation angles
of the joint part 34A and the joint part 34B.

[0025] The joint part 34E and the joint part 34F couple
the link part 36B and the grasping part 32 with each other
in an actuatable manner. In other words, the link part 36B
and the grasping part 32 are coupled with each other
through the joint part 34E and the joint part 34F. In the
present arrangement, the joint part 34E is a horizontal
rotation joint. The rotational axis of the joint part 34F or-
thogonally crosses the rotational axis of the joint part 34E.
The joint part 34F is a vertical rotation joint. The link part
36B has a parallel-link structure. With this configuration,
the joint part 34E is horizontally rotatable irrespective of
the rotation angles of the joint part 34C and the joint part
34D.

[0026] As described above, the arm unit 30 includes
the joint parts 34. Thus, itis advantageous that the worker
M can easily intuitively understand motion of the arm unit
30 and safely perform work.

[0027] In addition, as described above, at least one of
the joint parts 34 is a horizontal rotation joint, and at least
another one of the joint parts 34 is a vertical rotation joint.
Specifically, in the present arrangement, the joint part
34A, the joint part 34C, and the joint part 34E are hori-
zontal rotation joints. The link part 36A and the link part
36B each have a parallel-link structure.

[0028] With this configuration, the posture of each of
the joint part 34A, the joint part 34C, and the joint part
34C is constantly horizontally maintained. Thus, the arm
unit 30 of the present arrangement does not need to sup-
port gravitational force through actuation of these hori-
zontal rotation joints. In addition, the arm unit 30 can
achieve necessary torque reduction through these hori-
zontal rotation joints when the object T held by the grasp-
ing part 32 is a heavy object having a weight equal to or
heavier than a threshold value. Moreover, it is possible
to reduce the size of the mechanism of the arm unit 30
and the electrical driving power of the arm unit 30.
[0029] In the arm unit 30, the rotational axis of at least
one of the joint parts 34 only needs to be orthogonal to
the rotational axis of atleast another one of the joint parts
34, and the rotational axes are not limited to the horizontal
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and vertical directions.

[0030] The grasping part 32 and the link part 36B are
coupled with each other through the joint part 34E and
the joint part 34F. The joint part 34E is a horizontal rota-
tion joint. The joint part 34F is a vertical rotation joint. The
rotational axis of the joint part 34F orthogonally crosses
the rotational axis of the joint part 34E.

[0031] FIGS. 3A to 3C are enlarged schematic dia-
grams of the grasping part 32. As described above, the
grasping part 32 and the link part 36B are coupled with
each other through the joint part 34E and the joint part
34F.Thus, the posture of the object T held by the grasping
part 32 is easily changed upward, downward, rightward,
and leftward about the axes (refer to FIGS. 3A to 3C).
The joint part 34F may be a rotational body that has a
spherical shape and is rotatable by 360°.

[0032] A handle part 48 to be grasped by the worker
M during work is provided to the joint part 34E. The handle
part48is a handle for the worker M to change the posture
of the arm unit 30 or operate the position and posture of
the object T grasped by the grasping part 32. The worker
M can move the grasping part 32 in a desired direction
by operating the handle part 48.

[0033] An input unit 46 is provided to the handle part
48. The input unit 46 is an input mechanism for receiving
various operation instructions from the worker M. In the
present arrangement, the input unit 46 receives, for ex-
ample, input of a switching instruction to perform switch-
ing between an automatic mode and a manual mode.
Details of the automatic mode and the manual mode will
be described later.

[0034] The description continues with reference back
to FIG. 2.
[0035] Each joint part 34 of the arm unit 30 is provided

with a drive unit 40, a brake unit 41, and an angle sensor
42.

[0036] Specifically, the joint part 34A to the joint part
34F are provided with drive unit 40A to drive unit 40F,
brake unit 41A to brake unit 41F, and angle sensor 42A
to angle sensor 42F, respectively. When collectively de-
scribed, the joint part 34A to the joint part 34F are referred
to as the joint parts 34. When collectively described, the
drive unit 40A to the drive unit 40F are referred to as the
drive units 40. When collectively described, the brake
unit41A to the brake unit 41F are referred to as the brake
units 41. When collectively described, the angle sensor
42A to the angle sensor 42F are referred to as the angle
sensors 42.

[0037] The drive unit 40 actuates the corresponding
joint part 34. The drive unit 40 is provided in at least one
of the joint parts 34. The drive unit 40 is, for example, an
actuator. In the exemplary form described in the present
arrangement, the drive unit 40 is provided in each joint
part 34 included in the arm unit 30. In the present ar-
rangement, the drive unit 40 rotatably drives the joint part
34 provided with the drive unit 40. The drive unit 40 is
driven under control of the control unit 20 to be described
later (to be described later in detail). The drive unit 40
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may be a well-known mechanism.

[0038] The brake unit 41 restricts the actuation of the
arm unit 30. The brake unit 41 is provided in at least one
of the joint parts 34. In the exemplary form described in
the present arrangement, the brake unit 41 is provided
in each jointpart 34 included in the arm unit 30. The brake
unit 41 restricts actuation of the joint part 34 provided
with the brake unit 41, thereby restricting actuation of the
arm unit 30. "Restriction of actuation" means at leastone
of deceleration of the speed of actuation of the arm unit
30 and the joint part 34 and stopping of actuation of the
arm unit 30 and the joint part 34. In other words, in the
present arrangement, the brake unit 41 controls decel-
eration of the rotational speed of the joint part 34 or stop-
ping of rotation of the joint part 34. The brake unit41 may
be a well-known braking mechanism.

[0039] The angle sensor 42 is a sensor that measures
ajointangle thatis a variable amount (VA) as the rotation
angle of the joint part 34. In the present arrangement,
the angle sensor 42 is provided in each joint part 34. The
angle sensor 42 measures, as the joint angle, the rotation
angle of the joint part 34 provided with the angle sensor
42 based on a reference position. The reference position
may be set in advance.

[0040] The armunit 30 also includes an obstacle sens-
ing unit 43, a force sensor 44, and a target position de-
tection unit 45.

[0041] The obstacle sensing unit 43 senses any ob-
stacle around the arm unit 30. An obstacle is an object
thatencumbers movement ofthe armunit 30. An obstacle
is, for example, a user such as the worker M, a wall in
the elevator hoistway 2, or a member protruding from a
wall.

[0042] In the exemplary form described in the present
arrangement, the obstacle sensing unit 43 is disposed
on the surface of each of the link part 36A and the link
part 36B. The obstacle sensing unit 43 may be provided
to each joint part 34 and the grasping part 32. The ob-
stacle sensing unit 43 is, for example, a well-known op-
tical sensor but is not limited thereto.

[0043] The force sensor 44 is a force sensor that de-
tects pressure applied to the arm unit 30 and the direction
of the pressure. In the present arrangement, the force
sensor 44 is provided to the grasping part 32. Accord-
ingly, the force sensor 44 detects pressure applied to the
grasping part 32 and the direction of the pressure applied
to the grasping part 32. In other words, the force sensor
44 detects the strength of force applied for moving the
grasping part 32 and the direction of pressurization.
[0044] The target position detection unit 45 is an ex-
emplary detector. The target position detection unit 45
detects a target position.

[0045] The target position is a target position at which
the grasping part 32 or the object T grasped by the grasp-
ing part 32 is to be positioned. In the present arrange-
ment, the target position detection unit 45 specifies the
relative position of the grasping part 32 with respect to
the target position. The target position detection unit 45
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is, for example, an image capturing device that obtains
captured image data through image capturing. Hereinaf-
ter, the captured image data is also simply referred to as
a captured image.

[0046] The following describes a functional configura-
tion of the work support system 1 of the present arrange-
ment.

[0047] FIG. 4 is a functional block diagram illustrating
an exemplary functional configuration of the work support
system 1 of the present arrangement.

[0048] The work support system 1 includes the work
support device 10 and an external device 11. The work
support device 10 and the external device 11 are com-
municably connected with each other through a network
N or the like.

[0049] The external device 11 is a well-known compu-
ter such as a server device. For example, the external
device 11 is a server device such as a building informa-
tion modeling (BIM) system that designs a work process
or the like in advance.

[0050] The work supportdevice 10 includes the control
unit 20 and the arm unit 30. The arm unit 30 includes the
drive unit 40, the brake unit 41, the angle sensor 42, the
obstacle sensing unit 43, the force sensor 44, the target
position detection unit 45, and the input unit 46. The con-
trol unit 20 is communicably connected with each of the
drive unit 40, the brake unit 41, the angle sensor 42, the
obstacle sensing unit 43, the force sensor 44, the target
position detection unit 45, and the input unit 46.

[0051] The control unit 20 is, for example, a dedicated
or general-purpose computer. The control unit 20 in-
cludes a processing unit 50, a storage unit 52, and a
communication unit 54. The processing unit 50 is com-
municably connected with each of the communication
unit 54 and the storage unit 52.

[0052] Specifically, the processing unit 50, the storage
unit 52, the communication unit 54, the drive unit 40, the
brake unit 41, the angle sensor 42, the obstacle sensing
unit 43, the force sensor 44, the target position detection
unit 45, and the input unit 46 are communicably connect-
ed with one another through a bus 56.

[0053] The storage unit 52 stores therein various kinds
of data. The storage unit 52 is, for example, a semicon-
ductormemory device such as arandom-access memory
(RAM) or a flash memory, a hard disk, or an optical disc.
The storage unit 52 may be a storage device provided
outside the work support device 10. Alternatively, the
storage unit 52 may be a storage medium. Specifically,
the storage medium may store or temporarily store there-
in computer programs and various kinds of information
downloaded through a local area network (LAN), the In-
ternet, or the like. The storage unit 52 may be formed of
a plurality of storage media.

[0054] At least one of the storage unit 52 and the
processing unit 50 may be mounted on the external de-
vice 11 such as a server device connected with the net-
work N. In addition, at least one of functional components
(to be described later) included in the processing unit 50
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may be mounted on the external device 11 such as a
server device connected with the processing unit 50
through the network N.

[0055] The processing unit 50 includes an acquisition
unit 50A, a target angle derivation unit 50B, a movement
direction derivation unit 50C, a spatial position derivation
unit 50D, a reception unit 50E, a movement control unit
50F, a state determination unit 50G, and a brake control
unit 50H. The state determination unit 50G includes a
joint angle determination unit 501, a positioning determi-
nation unit 50J, an in-region operation determination unit
50K, and a collision determination unit 50L.

[0056] At least one of the acquisition unit 50A, the tar-
get angle derivation unit 50B, the movement direction
derivation unit 50C, the spatial position derivation unit
50D, the reception unit 50E, the movement control unit
50F, the state determination unit 50G, the brake control
unit 50H, the joint angle determination unit 501, the po-
sitioning determination unit 50J, the in-region operation
determination unit 50K, and the collision determination
unit 50L isimplemented by, for example, one or a plurality
of processors. Forexample, each of the above-described
components may be implemented through execution of
a computer program by a processor such as a central
processing unit (CPU), in other words, by software. Each
of the above-described components may be implement-
ed by a processor such as a dedicated integrated circuit
(IC), in other words, by hardware. Each of the above-
described components may be implemented by software
and hardware in combination. When a plurality of proc-
essors are used, each processor may implement one of
the components or may implement two or more of the
components.

[0057] The acquisition unit 50A acquires the jointangle
of each joint part 34 from the corresponding angle sensor
42. The acquisition unit 50A also acquires an obstacle
sensing result from the obstacle sensing unit 43. The
acquisition unit 50A also acquires a result of detection of
pressure applied to the grasping part 32 and the direction
of the pressure from the force sensor 44. The acquisition
unit 50A also acquires a result of detection of the target
position from the target position detection unit 45.
[0058] The acquisitionunit50A also acquires the target
position. The acquisition unit 50A acquires the target po-
sition from the external device 11. The target position is
set in advance based on, for example, an operation in-
struction through the input unit 46 by the user and stored
in the storage unit 52. The acquisition unit 50A acquires
the target position by reading the target position from the
communication unit 54. The external device 11 may
specify the target position for each work content or each
work process. In this case, the acquisition unit 50A can
acquire the target position from the external device 11
through the communication unit 54.

[0059] The target angle derivation unit 50B derives a
target angle that is the joint angle of each joint part 34
when the grasping part 32 is positioned at the target po-
sition.
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[0060] The target angle derivation unit 50B acquires
the target position acquired by the acquisition unit 50A
and information of the current position of the support unit
5 supporting the joint part 34A of the arm unit 30. The
information of the current position of the support unit 5
is information indicating the spatial position of the support
unit 5. The information of the current position of the sup-
port unit 5 is stored in, for example, the storage unit 52.
Then, the target angle derivation unit 50B derives the
posture of the arm unit 30 when the grasping part 32 of
the arm unit 30 is positioned at the target position by
using a well-known method or the like. Then, the target
angle derivation unit 50B derives, as the target angle,
the joint angle of each joint part 34 of the arm unit 30 in
the derived posture. In other words, the target angle der-
ivation unit 50B derives the target angle for each joint
part 34 provided to the arm unit 30. Then, the target angle
derivation unit 50B stores the derived target angle in the
storage unit 52 in association with identification informa-
tion of the corresponding joint part 34.

[0061] The movementdirection derivation unit50C de-
rives the movement direction of the arm unit 30. Specif-
ically, the movementdirection derivation unit 50C derives
the movement direction of each of the grasping part 32,
the link part 36B, and the joint parts 34 as components
included in the arm unit 30 by using the result of detection
of pressure applied to the grasping part 32 and the di-
rection of the pressure, which are acquired from the force
sensor 44, and the result of detection of the joint angle
of each joint part 34, which is acquired from the corre-
sponding angle sensor 42.

[0062] The spatial position derivation unit 50D derives
the spatial position of the arm unit 30. The spatial position
of the arm unit 30 is information indicating the position
and posture of each part included in the arm unit 30. For
example, the spatial position of the arm unit 30 is infor-
mation indicating the position coordinates of each of the
grasping part 32, the joint parts 34, and the link parts 36
as parts included in the arm unit 30, in the real space.
The spatial position of the arm unit 30 may be information
further including the position coordinates of the object T
grasped by the grasping part 32.

[0063] Forexample, the spatial position derivation unit
50D derives the spatial position of the arm unit 30 by
applying the angle of each joint part 34, which is acquired
by the acquisition unit 50A, to a stereoscopic model of
the arm unit 30 that is produced in advance. The spatial
position derivation unit 50D may use another method to
derive the spatial position of the arm unit 30. Forexample,
the arm unit 30 may be provided with a position sensor,
and the spatial position derivation unit 50D may derive
the spatial position of the arm unit 30 by using a result
of detection by the position sensor.

[0064] The reception unit 50E acquires, from the input
unit 46, mode information indicating the automatic mode
or the manual mode.

[0065] An acquisition mode is a mode in which the arm
unit 30 is manually moved by the worker M. The auto-
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matic mode is a mode in which the arm unit 30 is moved
to the target position under control of the movement con-
trol unit 50F. The user operates the input unit 46 to input
aswitchinginstruction to perform switching from the man-
ual mode to the automatic mode or from the automatic
mode to the manual mode.

[0066] Thus, the input unit 46 may be a switch for in-
putting switching between these modes. The reception
unit 50E acquires the mode information indicating the
manual mode by receiving a switching instruction to per-
form switching to the manual mode through the input unit
46. Thereception unit 50E acquires the mode information
indicating the automatic mode by receiving a switching
instruction to perform switching to the automatic mode
through the input unit 46.

[0067] The movement control unit 50F moves the
grasping part 32 of the arm unit 30 to the target position.
Specifically, when having received a switching instruc-
tion to perform switching to the automatic mode, the
movement control unit 50F starts controlling the drive
unit 40 to move the grasping part 32 to the target position.
The movement control unit 50F controls the drive unit 40
of each joint part 34 provided to the arm unit 30 so that
the joint part 34 has the corresponding target angle de-
rived by the target angle derivation unit 50B. Under the
control of the movement control unit 50F, the grasping
part 32 of the arm unit 30 starts moving toward the target
position.

[0068] When having received a switching instruction
to perform switching to the manual mode, the movement
control unit 50F does not control the drive units 40. In
this case, upon operation of the handle part 48 by the
worker M, the grasping part 32 starts movingin adirection
desired by the worker M, and the arm unit 30 starts mov-
ing.

[0069] The state determination unit 50G determines
the state of the arm unit 30. Hereinafter, the state of the
arm unit 30 is referred to as an arm state. In the present
arrangement, the state determination unit 50G deter-
mines the arm state of the arm unit 30 during manual or
automatic movementofthe arm unit30. The brake control
unit 50H controls each brake unit 41 in accordance with
the arm state to restrict actuation of the arm unit 30.
[0070] The following describes the state determination
unit 50G and the brake control unit 50H in detail.
[0071] The state determination unit 50G includes the
joint angle determination unit 501, the positioning deter-
mination unit 50J, the in-region operation determination
unit 50K, and the collision determination unit 50L.
[0072] The joint angle determination unit 501 deter-
mines, as the arm state, whether at least one of the joint
parts 34 has reached the target angle derived by the tar-
get angle derivation unit 50B. Specifically, the joint angle
determination unit 501 determines whether the joint an-
gle acquired from at least one of the angle sensors 42
has reached the target angle of the joint part 34 provided
with that angle sensor 42.

[0073] The brake control unit 50H restricts actuation
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of the arm unit 30 by restricting actuation of each joint
part 34 determined to have reached the target angle.
[0074] FIGS. 5Ato 5D are explanatory diagrams of ex-
emplary restriction of actuation of the arm unit 30 in ac-
cordance with the joint angles of some joint parts 34.
Examples of the state of the arm unit 30 are illustrated
in a temporally sequential manner from FIGS. 5A to 5D.
For example, assume that the target angle derivation unit
50B has derived a joint angle o as the target angle of the
joint part 34A, a joint angle B as the target angle of the
joint part 34C, and a joint angle y as the target angle of
the joint part 34E.

[0075] Forexample, assume that, as illustrated in FIG.
5A, the worker M operates the handle part 48 and applies
force in the direction of arrow D1 to the grasping part 32
to move the grasping part 32 toward a target position P.
Then, assume that, as illustrated in FIG. 5B, the joint
angle of the joint part 34A has become the target joint
angle a. In this case, the joint angle determination unit
501 determines that the joint angle of the joint part 34A
hasreached the target angle. Accordingly, the brake con-
trol unit 50H restricts rotation of the joint part 34A by
controlling the brake unit 41A of the joint part 34A.
[0076] Then, assume that the worker M further oper-
ates the handle part 48 and applies force in the direction
of arrow D2 to the grasping part 32 to move the grasping
part 32 toward the target position P (refer to FIG. 5B).
Assume that, through this operation, the joint angle of
the joint part 34C has become the target joint angle p as
illustrated in FIG. 5C. In this case, the joint angle deter-
mination unit 501 determines that the joint angle of the
joint part 34C has reached the target angle. Accordingly,
the brake control unit 50H restricts rotation of the joint
part 34C by controlling the brake unit 41C of the joint part
34C.

[0077] Then, assume that the worker M further oper-
ates the handle part 48 and applies force in the direction
of arrow D3 to the grasping part 32 to move the grasping
part 32 toward the target position P (refer to FIG. 5C).
Assume that, through this operation, the joint angle of
the joint part 34E has become the target joint angle y as
illustrated in FIG. 5D. In this case, the joint angle deter-
mination unit 501 determines that the joint angle of the
joint part 34E has reached the target angle. Accordingly,
the brake control unit 50H restricts rotation of the joint
part 34E by controlling the brake unit 41E of the joint part
34E.

[0078] In this manner, in the arm unit 30, rotation of
each joint part 34 having reached the corresponding tar-
get angle is sequentially restricted. Thus, the object T
grasped by the grasping part 32 safely and easily arrives
at the target position P.

[0079] The joint angle determination unit 501 and the
brake control unit 50H execute the same processing in
the automatic mode as well in which the arm unit 30 au-
tomatically operates as the movement control unit 50F
controls the drive unit 40 provided to each joint part 34
of the arm unit 30. Accordingly, the object T safely and
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easily arrives at the target position P in a case in which
the arm unit 30 is driven under control of the movement
control unit 50F to move the object T to the target position
P, as well.

[0080] The description continues with reference back
to FIG. 4. Subsequently, the positioning determination
unit 50J will be described below.

[0081] The positioning determination unit 50J deter-
mines, as the arm state, whether the grasping part 32 is
positioned atthe target position P. In the present arrange-
ment, the positioning determination unit 50J determines
whether the grasping part 32 is positioned at the target
position P based on a result of detection by the target
position detection unit 45.

[0082] Forexample, the positioning determination unit
50J acquires a result of detection of the target position
P by the target position detection unit 45 from the acqui-
sition unit 50A. As described above, the target position
detection unit 45 is, for example, an image capturing de-
vice. In this case, the positioning determination unit 50J
specifies the target position P and the relative position
of the grasping part 32 with respect to the target position
P by performing image analysis of a captured image ob-
tained through image capturing by the target position de-
tection unit 45. The relative position detection may be
performed on the target position detection unit 45 side.
Then, the positioning determination unit 50J may deter-
mine, as the arm state, whether the relative position of
the grasping part 32 with respect to the target position P
coincides with the target position P.

[0083] When itis determined by the positioning deter-
mination unit 50J that the grasping part 32 is positioned
at the target position P, the brake control unit 50H may
control each brake unit 41 to restrict actuation of the arm
unit 30. Specifically, in the present arrangement, the
brake control unit 50H may restrict rotation of the brake
unit 41 of each joint part 34 provided to the arm unit 30.
[0084] The accuracy of positioning the grasping part
32 and the object T grasped by the grasping part 32 to
the target position P can be improved by controlling the
brake control unit 50H in accordance with a result of the
determination by the positioning determination unit 50J.
[0085] The positioning determination unit 50J and the
brake control unit 50H execute the same processing in
the automatic mode as well in which the arm unit 30 au-
tomatically operates as the movement control unit 50F
controls the drive unit 40 provided to each joint part 34
of the arm unit 30. Accordingly, the object T is accurately
positioned to the target position P in a case in which the
arm unit 30 is driven under control of the movement con-
trol unit 50F to move the object T to the target position
P, as well.

[0086] Subsequently, the in-region operation determi-
nation unit 50K and the collision determination unit 50L
will be described below.

[0087] The in-region operation determination unit 50K
determines, as the arm state, whether at least a partial
region of the arm unit 30 is likely to protrude from the
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inside of a set spatial region to the outside of the set
spatial region.

[0088] The set spatial region is set in advance as a
region in which the arm unit 30 can be safely actuated.
[0089] FIG. 6 is an explanatory diagram of an exem-
plary set spatial region E. For example, the set spatial
region E is a region in which the arm unit 30 can be safely
actuated when the arm unit 30 is actuated by the worker
M working with the arm unit 30. Specifically, the set spa-
tial region E includes at least a part of the above-de-
scribed movable range of the arm unit 30. Set-spatial-
region information of the set spatial region E may be
stored in the storage unit 52 in advance. The set-spatial-
region information may be changeable as appropriate
based on an operation instruction through the input unit
46 by the worker M, information received from the exter-
nal device 11, or the like.

[0090] Inthe present arrangement, the in-region oper-
ation determination unit 50K determines whether the arm
unit 30 is likely to protrude to the outside of the set spatial
region E based on the spatial position of the arm unit 30,
the movement direction of the arm unit 30, and the set
spatial region E of the set-spatial-region information.
[0091] For example, the in-region operation determi-
nation unit 50K acquires the spatial position of the arm
unit 30, which is derived by the spatial position derivation
unit 50D. For example, the in-region operation determi-
nation unit 50K acquires the movement direction of the
arm unit 30, which is derived by the movement direction
derivation unit 50C. For example, the in-region operation
determination unit 50K acquires the set-spatial-region in-
formation of the set spatial region E from the storage unit
52.

[0092] Then,thein-region operation determination unit
50K predicts, by simulation, whether at least a partial
region of the parts (the grasping part 32, the joint parts
34, and the link parts 36) included in the arm unit 30,
which are indicated by the acquired spatial position of
the armunit 30, is positioned outside the set spatial region
E when movement of the arm unit 30 in the movement
direction is continued. Then, when a result of the predic-
tion indicates that the region is positioned outside the set
spatial region E, the in-region operation determination
unit 50K determines that the arm unit 30 is likely to pro-
trude to the outside of the set spatial region E.

[0093] When a result of the prediction indicates that
the region is positioned inside the set spatial region E,
the in-region operation determination unit 50K deter-
mines that the arm unit 30 is not likely to protrude to the
outside of the set spatial region E.

[0094] The current position of at least a partial region
of the parts (the grasping part 32, the joint parts 34, and
the link parts 36) included in the arm unit 30 in the real
space, which are indicated by the acquired spatial posi-
tion of the arm unit 30, is positioned outside the set spatial
region E in some cases. In such a case, the in-region
operation determination unit 50K may further determine
that the arm unit 30 is likely to protrude to the outside of
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the set spatial region E.

[0095] When it is determined that the arm unit 30 is
likely to protrude to the outside of the set spatial region
E, the brake control unit 50H controls the brake unit 41
to restrict actuation of the arm unit 30.

[0096] Specifically, the brake control unit 50H specifies
a joint part 34 that contributes to positional movement of
a region of each part included in the arm unit 30, which
is determined to be likely to protrude to the outside of the
set spatial region E by the in-region operation determi-
nation unit 50K. Then, the brake control unit 50H controls
the corresponding brake unit 41 to restrict rotation of the
specified joint part 34.

[0097] FIGS. 7A and 7B are explanatory diagrams of
exemplary actuation restriction in the set spatial region
E. Examples of the state of the arm unit 30 are illustrated
in a temporally sequential manner from FIGS. 7A to 7B.
[0098] Forexample, assume that, as illustrated in FIG.
7A, the worker M operates the handle part 48 and applies
force in the direction of arrow D10 to the grasping part
32 tomove the grasping part 32 toward the target position
P.

[0099] In this case, the joint part 34C and the joint part
34D are likely to be positioned outside the set spatial
region E when movement of the arm unit 30 in the direc-
tion of the arrow D10 is continued as force in the direction
of the arrow D10 is continuously applied. In this case,
the in-region operation determination unit 50K deter-
mines that the joint part 34C and the joint part 34D of the
arm unit 30 are likely to protrude to the outside of the set
spatial region E based on the spatial position of the arm
unit 30, which is derived by the spatial position derivation
unit 50D, the movement direction of the arm unit 30,
which is derived by the movement direction derivation
unit 50C, and the set spatial region E of the set-spatial-
region information.

[0100] Thus, in this case, the brake control unit 50H
specifies a joint part 34 that contributes to positional
movement of the joint part 34C and the joint part 34D
determined to be likely to protrude to the outside of the
set spatial region E by the in-region operation determi-
nation unit 50K. For example, assume that the brake con-
trol unit 50H specifies the joint part 34A, the joint part
34C, and the joint part 34E. In this case, the brake control
unit 50H controls the brake unit 41A, the brake unit41C,
and the brake unit41E to restrict rotation of the specified
joint parts 34A, 34C, and 34E.

[0101] Accordingly, movement of the arm unit 30 due
to application of force in the direction of the arrow D10
is restricted. Specifically, the brake control unit 50H con-
trols the brake unit 41 based on a result of determination
by the in-region operation determination unit 50K, there-
by preventing at least a partial region of the arm unit 30
from protruding to the outside of the set spatial region E.
[0102] Then, assume that the worker M further oper-
ates the handle part 48 and applies force in the direction
of arrow D12, which is different from the direction of the
arrow D10, to the grasping part 32 to move the grasping
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part 32 toward the target position P.

[0103] In this case, similarly to the above description,
the in-region operation determination unit 50K deter-
mines whether at least a partial region of the arm unit 30
is likely to protrude to the outside of the set spatial region
E as movement in the direction of the arrow D12 is con-
tinued. In this example, assume a case in which it is de-
termined that the set spatial region E is not likely to pro-
trude to the outside of the set spatial region E. In this
case, the brake control unit 50H cancels rotation restric-
tion on the joint part 34 rotation of which is restricted.
Accordingly, as illustrated in FIG. 7B, the worker M can
move the grasping part 32 in a direction toward the object
T by continuously applying force in the direction of the
arrow D12 to the grasping part 32.

[0104] The in-region operation determination unit 50K
and the brake control unit 50H execute the same process-
ing in the automatic mode as well in which the arm unit
30 automatically operates as the movement control unit
50F controls the drive unit 40 provided to each joint part
34 of the arm unit 30. Accordingly, the object T safely
and easily arrives at the target position P in a case in
which the arm unit 30 is driven under control of the move-
ment control unit 50F to move the object T to the target
position P, as well.

[0105] The description continues with reference back
to FIG. 4. Subsequently, the collision determination unit
50L will be described below.

[0106] The collision determination unit 50L deter-
mines, as the arm state, whether at least a partial region
of the arm unit 30 is in a close state in which the partial
region of the arm unit 30 is close to an obstacle, based
on a result of sensing by the obstacle sensing unit 43.
The close state means a state in which the distance be-
tween at least a partial region of the arm unit 30 and the
obstacle is equal to or shorter than a predetermined
threshold value. The close state may also mean that a
state in which the distance between the arm unit 30 and
the obstacle is likely to become equal to or shorter than
the threshold value as the arm unit 30 continuously
moves. In the example described in the present arrange-
ment, the close state means that the distance between
the arm unit 30 and the obstacle is likely to become equal
to or shorter than the threshold value as the arm unit 30
continuously moves. The threshold value may be set in
advance to be a value that can avoid a state in which the
arm unit 30 and the arm unit 30 become close to each
other enough to compromise safety and the close state
is caused by changing the movement direction of the arm
unit 30.

[0107] Inthe present arrangement, the collision deter-
mination unit 50L determines whether at least a partial
region of the arm unit 30 is in the close state based on a
result of sensing by the obstacle sensing unit 43, and the
movement direction of the arm unit 30, which is derived
from a result of sensing by the force sensor 44.

[0108] FIG. 8 is an explanatory diagram of exemplary
restriction of actuation of the arm unit 30 in the close state.
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[0109] Forexample, assume that, as illustrated in FIG.
8, the worker M operates the handle part 48 and applies
force in the direction of arrow D13 to the grasping part
32 tomove the grasping part 32 toward the target position
P.

[0110] In this case, the distance between the link part
36A and an obstacle B is likely to become equal to or
shorter than the above-described threshold value as
movement of the arm unit 30 in the direction of the arrow
D13 is continued through continuous application of force
in the direction of the arrow D13. Thus, in this case, the
in-region operation determination unit 50K determines
that at least a partial region of the arm unit 30 is in the
close state based on the movement direction of the arm
unit 30, which is derived from a result of sensing by the
force sensor 44, and a result of sensing by the obstacle
sensing unit 43.

[0111] When it is determined that at least a partial re-
gion of the arm unit 30 is in the close state, the brake
control unit 50H controls the brake unit 41 to restrict ac-
tuation of the arm unit 30.

[0112] The brake control unit 50H specifies a joint part
34 that contributes to positional movement of a part of
the arm unit 30, which is determined to be in the close
state by the collision determination unit 50L. For exam-
ple, assume that the brake control unit 50H specifies the
joint part 34A and the joint part 34C. In this case, the
brake control unit 50H controls the brake unit 41A and
the brake unit41C to restrict rotation of the specified joint
parts 34A and 34C.

[0113] Accordingly, movement of the arm unit 30 due
to application of force in the direction of the arrow D13
is restricted. Specifically, the brake control unit 50H con-
trols the brake unit 41 based on a result of determination
by the collision determination unit 50L, thereby prevent-
ing atleast a partial region of the arm unit 30 from colliding
with the obstacle B.

[0114] Then, assume that the worker M further oper-
ates the handle part 48 and applies force in the direction
of arrow D14, which is different from the direction of arrow
D13, to the grasping part 32 to move the grasping part
32 toward the target position P.

[0115] In this case, similarly to the above description,
the collision determination unit 50L determines whether
the arm unit 30 becomes close to the obstacle B as move-
ment in the direction of the arrow D14 is continued. In
this example, assume a case in which it is determined
thatthe arm unit 30 does not become close to the obstacle
B. In this case, the brake control unit 50H cancels rotation
restriction on the joint part 34 rotation of which is restrict-
ed. Accordingly, the worker M can move the grasping
part 32 in a direction toward the object T while avoiding
the obstacle B by continuously applying force in the di-
rection of the arrow D14 to the grasping part 32.

[0116] The collision determination unit 50L and the
brake control unit 50H execute the same processing in
the automatic mode as well in which the arm unit 30 au-
tomatically operates as the movement control unit 50F
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controls the drive unit 40 provided to each joint part 34
of the arm unit 30. Accordingly, the object T safely and
easily arrives at the target position P in a case in which
the arm unit 30 is driven under control of the movement
control unit 50F to move the object T to the target position
P, as well.

[0117] Subsequently, the process of basic work sup-
port processing executed by the work support device 10
of the present arrangement will be described below.
[0118] FIG. 9 is a flowchart illustrating an exemplary
flow of the work support processing executed by the work
support device 10.

[0119] The reception unit 50E receives mode informa-
tion indicating the automatic mode or the manual mode
from the input unit 46 (step S100). The reception unit 50E
stores the acquired mode information in the storage unit
52 (step S102).

[0120] The acquisition unit 50A acquires a target po-
sition P from the storage unit 52 (step S104). The target
angle derivation unit 50B derives, by using the target po-
sition P acquired at step S104, a target angle that is the
joint angle of each joint part 34 when the grasping part
32 is positioned at the target position P (step S106). The
target angle derivation unit 50B stores the target angle
derived at step S106 in the storage unit 52 in association
with identification information of the corresponding joint
part 34 (step S108).

[0121] Subsequently, movement of the arm unit 30 is
started (step S110). When the mode information stored
at step S102 is information indicating the manual mode,
movement of the arm unit 30 is disclosed as movement
of the grasping part 32 toward the target position P is
started through operation of the handle part 48 by the
worker M. When the mode information stored at step
S102 is information indicating the automatic mode,
movement of the arm unit 30 is disclosed so that the
grasping part 32 approaches the target position P as the
drive unit 40 is controlled by the movement control unit
50F. The state determination unit 50G may determine
that movement of the arm unit 30 is started and may
execute processing to be described later when a result
of detection of the joint angle of the joint part 34, which
is acquired from the corresponding angle sensor 42 by
the acquisition unit 50A, is a detection result indicating
temporal change of the joint angle.

[0122] The joint angle determination unit 501 deter-
mines whether at least one of the joint parts 34 has
reached the target angle derived at step S106 (step
S112). At step S112, the negative determination (No at
step S112) is repeated until the positive determination is
obtained (Yes at step S112). When the positive determi-
nation is obtained at step S112 (Yes at step S112), the
process proceeds to step S114.

[0123] Atstep S114,the brake controlunit 50H restricts
actuation of the joint part 34 determined to have reached
the target angle at step S112 (step S114).

[0124] Subsequently, the jointangle determination unit
501 determines whether all joint parts 34 provided to the
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arm unit 30 each have reached the corresponding target
angle derived at step S106 (step S116). When the neg-
ative determination is obtained at step S116 (No at step
S116), the process returns to the above-described step
S112. When the positive determination is obtained at
step S116 (Yes at step S116), the process proceeds to
step S118.

[0125] Atstep S118, the positioning determination unit
50J specifies the target position P and the relative posi-
tion of the grasping part 32 with respect to the target
position P by performing image analysis of a captured
image obtained through image capturing by the target
position detection unit 45 (step S118). Then, the posi-
tioning determination unit 50J determines whether the
relative position of the grasping part 32 with respect to
the target position P coincides with the target position P
by using a result of the specification at step S118 (step
S120).

[0126] When the negative determination is obtained at
step S120 (No at step S120), the process proceeds to
step S122. At step S122, the brake control unit 50H can-
cels actuation restriction on all joint parts 34 provided to
the arm unit 30 (step S122). Then, the process returns
to the above-described step S112.

[0127] When the positive determination is obtained at
step S120 (Yes at step S120), the process proceeds to
step S124. At step S124, the brake control unit 50H re-
stricts actuation of the brake unit 41 of each joint part 34
provided to the arm unit 30 (step S124). Then, the present
routine is ended.

[0128] The brake control unit 50H may cancel actua-
tion restriction on all joint parts 34 provided to the arm
unit 30 after work by the worker M at the target position
P is ended. In this case, the brake control unit 50H may
execute the following processing.

[0129] For example, assume that a work direction at
the target position P is set in advance. In addition, as-
sume that the object T grasped by the grasping part 32
is an electric drill. In this case, the work direction is, for
example, a direction in which a hole is formed in a wall
by the electric drill.

[0130] When having determined that pressure in the
above-described work direction is applied to the grasping
part 32 based on a result of detection of pressure applied
to the grasping part 32 and the direction of the pressure,
which are acquired from the force sensor 44, the brake
control unit 50H continues the actuation restriction
processing at the above-described step S124. When the
pressure applied to the grasping part 32 in the above-
described work direction is canceled or pressure in an-
other direction is detected based on the detection result,
the brake control unit 50H determines that work by the
worker M at the target position P is ended. Then, having
determined that the work is ended, the brake control unit
50H may cancel actuation restriction on all joint parts 34
provided to the arm unit 30.

[0131] Subsequently, interrupt processing executed
by the work support device 10 during the work support
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processing illustrated in FIG. 9 will be described below.
[0132] FIG. 10 is a flowchart illustrating an exemplary
flow of the interrupt processing executed by the work
support device 10. The work support device 10 executes
the interrupt processing illustrated in FIG. 10 during the
processing at steps S112 to S124 illustrated in FIG. 9.
[0133] The acquisition unit 50A acquires the set-spa-
tial-region information of the set spatial region E from the
storage unit 52 (step S200). The spatial position deriva-
tion unit 50D derives the spatial position of the arm unit
30 by applying the angle of each joint part 34, which is
acquired by the acquisition unit 50A, to a stereoscopic
model of the arm unit 30 that is produced in advance
(step S202).

[0134] Subsequently, the movement direction deriva-
tion unit 50C derives the movement direction of each of
the grasping part 32, the link part 36B, and the joint parts
34 as components included in the arm unit 30 based on
a result of detection of pressure applied to the grasping
part 32 and the direction of the pressure, which is ac-
quired from the force sensor 44, and a result of detection
of the joint angle of each joint part 34, which is acquired
from the corresponding angle sensor 42 (step S204).
[0135] The in-region operation determination unit 50K
determines whether the arm unit 30 is likely to protrude
to the outside of the set spatial region E based on the
spatial position of the arm unit 30 derived at step S202,
the movement direction of the arm unit 30 derived at step
S204, and the set spatial region E of the set-spatial-re-
gion information acquired at step S200 (step S206).
[0136] When the arm unit 30 is determined to be likely
to protrude to the outside of the set spatial region E (Yes
at step S206), the process proceeds to step S208.
[0137] At step S208, the brake control unit 50H spec-
ifies a joint part 34 that contributes to positional move-
ment of a region of each part included in the arm unit 30,
which is determined to be likely to protrude to the outside
of the set spatial region E at step S206. Then, the brake
control unit 50H controls the corresponding brake unit 41
to restrict actuation of the specified joint part 34 (step
S208). Then, the process returns to the above-described
step S202.

[0138] When the arm unit 30 is determined not to likely
to protrude to the set spatial region E at step S206 (No
at step S206), the process proceeds to step S210.
[0139] Atstep S210, the brake control unit 50H cancels
actuation restriction on the joint part 34 actuation of which
is restricted (step S210).

[0140] Subsequently, the collision determination unit
50L acquires an obstacle sensing resultfrom the obstacle
sensing unit 43 (step S212). Then, the collision determi-
nation unit 50L determines whether the arm unit 30 is
close to the obstacle B based on the obstacle sensing
result and the movement direction of the arm unit 30,
which is derived at step S204 (step S214).

[0141] When it is determined that the arm unit 30 is
close to the obstacle B (Yes at step S214), the process
proceeds to step S216. At step S216, the brake control
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unit 50H specifies a joint part 34 that contributes to po-
sitional movement of a part of the arm unit 30 determined
to be in the close state by the collision determination unit
50L. Then, the brake control unit 50H controls the corre-
sponding brake unit to restrict actuation of the specified
joint part (step S216). Then, the process returns to the
above-described step S202.

[0142] Whenitis determined that the arm unit 30 is not
close to the obstacle B (No at step S214), the process
proceeds to step S218. At step S218, the brake control
unit 50H cancels actuation restriction on the joint part 34
actuation of which is restricted (step S218). Then, the
present routine is ended.

[0143] As described above, the work support device
10 of the present arrangement includes the arm unit 30,
each brake unit41, the state determination unit 50G, and
the brake control unit 50H. The arm unit 30 includes the
grasping part 32 grasping the object T, the joint parts 34,
and the link parts 36 actuatably coupled through the joint
parts 34. The brake unit 41 is provided to at least one of
the joint parts 34 to restrict actuation of the arm unit 30.
The state determination unit 50G determines the arm
state of the arm unit 30. The brake control unit 50H con-
trols the brake unit 41 to restrict actuation of the arm unit
30 in accordance with the arm state.

[0144] In this manner, the work support device 10 of
the present arrangement controls the brake unit 41 pro-
vided to the arm unit 30 in accordance with the arm state
of the arm unit 30, to restrict actuation of the arm unit 30.
[0145] Thus,the work support device 10 of the present
arrangement can achieve improved work support.
[0146] Subsequently, an exemplary hardware config-
uration of the control unit 20 in the work support device
10 of the above-described arrangement will be described
below.

[0147] FIG. 11 is a diagram illustrating an exemplary
hardware configuration of the control unit 20.

[0148] The control unit 20 has a hardware configura-
tion of a typical computer including a control device such
as a CPU 86, storage devices such as a read-only mem-
ory (ROM) 88, a random-access memory (RAM) 90, and
a hard disk drive (HDD) 92, an I/F unit 82 that is an in-
terface for various devices, and a bus 96 connecting the
components.

[0149] In the control unit 20 of the above-described
arrangement, each of the above-described components
is implemented on the computer when the CPU 86 reads
a computer program from the ROM 88 onto the RAM 90
and executes the computer program.

[0150] A computer program for executing the above-
described processing executed by the control unit 20 of
the above-described arrangement may be stored in the
HDD 92. The computer program for executing each
above-described processing executed by the control unit
20 of the above-described arrangement may be incorpo-
rated in the ROM 88 in advance and provided.

[0151] The computer program for executing the above-
described processing executed by the control unit 20 of
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the above-described arrangement may be stored in a
computer-readable storage medium such as a CD-ROM,
a CD-R, a memory card, a digital versatile disc (DVD),
or a flexible disk (FD) as a file in an installable or execut-
able format to be provided as a computer program prod-
uct. The computer program for executing the above-de-
scribed processing executed by the control unit 20 of the
above-described arrangement may be stored on a com-
puter connected with a network such as the Internet, and
downloaded and provided through the network. The com-
puter program for executing the above-described
processing executed by the control unit 20 of the above-
described arrangement may be provided or distributed
through a network such as the Internet.

[0152] While certain arrangements have been de-
scribed, these arrangements have been presented by
way of example only, and are not intended to limit the
scope of the claims. Indeed, the apparatuses described
herein may be embodied in a variety of other forms; fur-
thermore various omissions, substitutions and changes
in the form of the apparatuses described herein may be
made.

Example 1. According to an arrangement, a work
supportdevice (10)includes anarmunit (30), a brake
unit (41), a state determination unit (50G), and a
brake control unit (50H). The arm unit (30) includes
a grasping part (32) configured to grasp an object,
a plurality of joint parts (34), and a plurality of link
parts (36) actuatably coupled through each joint part
(34). The brake unit (41) is provided to at least one
of the joint parts (34) to restrict actuation of the arm
unit (30). The state determination unit (50G) is con-
figured to determine a state of the arm unit (30). The
brake control unit (50H) is configured to control the
brake unit (41) to restrict the actuation of the arm
unit (30) in accordance with the state of the arm unit
(30).

Example 2. Inthe work supportdevice (10) according
to example 1, the grasping part (32) and one of the
link parts (36) are coupled with each other through
one of the joint parts (34), and the link parts (36) are
coupled with each other through one of the joint parts
(34), and the brake unit (41) restricts actuation of the
arm unit (30) by restricting actuation of at least one
of the joint parts (34).

Example 3. The work support device (10) according
to example 2 further includes a target angle deriva-
tion unit (50B) configured to derive a target angle
that is a joint angle of each joint part (34) when the
grasping part (32) is positioned at a target position.
The state determination unit (50G) includes a joint
angle determination unit (501) configured to deter-
mine, as the state, whether at least one of the joint
parts (34) has reached the target angle. The brake
control unit (50H) restricts the actuation of the arm
unit (30) by restricting the actuation of the joint part
(34) determined to have reached the target angle.
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Example 4. Inthe work supportdevice (10) according
toany one of examples 1to 3, the state determination
unit (50G) includes a positioning determination unit
(50J) configured to determine, as the state, whether
the grasping part (32) is positioned at the target po-
sition. The brake control unit (50H) controls the brake
unit (41) to restrict the actuation of the arm unit (30)
when the grasping part (32) is determined to be po-
sitioned at the target position. Example 5. In the work
support device (10) according to example 4, the arm
unit (30) includes a detector (45) configured to detect
the target position, and the positioning determination
unit (50J) determines whether the grasping part (32)
is positioned at the target position based on a result
of detection by the detector (45).

Example 5. Inthe work supportdevice (10) according
to example 4, the arm unit (30) includes a detector
(45) configured to detect the target position, and the
positioning determination unit (50J) determines
whether the grasping part (32) is positioned at the
target position based on a result of detection by the
detector (45).

Example 6. Inthe work supportdevice (10) according
toanyone of examples 110 5, the state determination
unit (50G) includes an in-region operation determi-
nation unit (50K) configured to determine, as the
state, whether at least a partial region of the arm unit
(30) is likely to protrude from inside of a set spatial
region to outside of the set spatial region. The brake
control unit (50H) controls the brake unit (41) to re-
strict the actuation of the arm unit (30) when the par-
tial region of the arm unit (30) is determined to be
likely to protrude to the outside of the set spatial re-
gion.

Example 7. Inthe work support device (10) according
to any one of examples 1 to 6, the arm unit (30) in-
cludes an obstacle sensing unit (43) configured to
sense an obstacle. The state determination unit
(50G) includes a collision determination unit (50L)
configured to determine, as the state, whether at
least a part of the arm unit (30) is in a close state in
which the part of the arm unit (30) is close to the
obstacle based on aresult of sensing by the obstacle
sensing unit (43). The brake control unit (50H) con-
trols the brake unit (41) to restrict the actuation of
the arm unit (30) when the part of the arm unit (30)
is determined to be in the close state.

Example 8. Inthe work supportdevice (10) according
to example 7, the arm unit (30) includes a force sen-
sor (44) configured to detect the direction of pressure
applied to the arm unit (30), and the collision deter-
mination unit (50L) determines whether the part of
the arm unit (30) is in the close state based on a
result of detection by the force sensor (44) and a
result of the sensing by the obstacle sensing unit
(43).

Example 9. Inthe work supportdevice (10) according
to any one of examples 1 to 8, at least one of the
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joint parts (34) is horizontally rotatable, and at least
one of the joint parts (34) is vertically rotatable.
Example 10. In the work support device (10) accord-
ing to any one of examples 1 to 9, one of the link
parts (36) and the grasping part (32) are coupled
with each other through one of the joint parts (34),
and the joint part (34) is horizontally and vertically
rotatable.

Example 11. The work support device (10) according
to any one of examples 1 to 10 further includes a
movement control unit (50F) configured to move the
grasping part (32) of the arm unit (30) to a target
position; and a reception unit (50E) configured to re-
ceive a switching instruction to perform switching be-
tween a manual mode in which the arm unit (30) is
manually moved and an automatic mode in which
the arm unit (30) is moved to the target position under
control of the movement control unit (50F). When a
switching instruction to the automatic mode is re-
ceived, the movement control unit (50F) controls a
drive unit (40) configured to drive the joint parts (34)
of the arm unit (30) to move the grasping part (32)
to the target position.

Example 12. In the work support device (10) accord-
ing to example 11, a plurality of the drive units (40)
is provided to the respective joint parts (34).
Example 13. The work support device (10) according
to any one of examples 1 to 11 further includes a
support unit (5) that is provided to a scaffold (3) ca-
pable of accommodating a worker and supports the
arm unit (30).

Example 14. In the work support device according
to example 13, the support unit (5) is provided to an
outer frame member of the scaffold (3) and movably
supports the arm unit (30).

Example 15. According to an arrangement, a work
supportmethodis executed by a work support device
(10) including an arm unit (30) including a grasping
part (32) configured to grasp an object, a plurality of
joint parts (34), and a plurality of link parts (36) ac-
tuatably coupled through each joint part (34), and a
brake unit (41) provided to at least one of the joint
parts (34) to restrict actuation of the arm unit (30).
The work support method includes determining the
state of the arm unit (30); and controlling the brake
unit (41) to restrict the actuation of the arm unit (30)
in accordance with the state of the arm unit (30).

Claims

A work support device (10) comprising:

an arm unit (30) including a grasping part (32)
configured to grasp an object, a plurality of joint
parts (34), and a plurality of link parts (36) actu-
atably coupled through each joint part (34);

a brake unit (41) provided to at least one of the
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joint parts (34) to restrict actuation of the arm
unit (30);

a state determination unit (50G) configured to
determine a state of the arm unit (30); and

a brake control unit (50H) configured to control
the brake unit (41) to restrict the actuation of the
arm unit (30) in accordance with the state of the
arm unit (30).

The work support device (10) according to claim 1,
wherein

the grasping part (32) and one of the link parts (36)
are coupled with each other through one of the joint
parts (34), and the link parts (36) are coupled with
each other through one of the joint parts (34), and
the brake unit (41) restricts actuation of the arm unit
(30) by restricting actuation of the at least one of the
joint parts (34).

The work support device (10) according to claim 2,
further comprising a target angle derivation unit
(50B) configured to derive a target angle that is a
joint angle of each joint part (34) when the grasping
part (32) is positioned at a target position, wherein
the state determination unit (50G) includes a joint
angle determination unit (501) configured to deter-
mine, as the state, whether at least one of the joint
parts (34) has reached the target angle, and

the brake control unit (50H) restricts the actuation of
the arm unit (30) by restricting the actuation of the
joint part (34) determined to have reached the target
angle.

The work support device (10) according to any one
of claims 1 to 3, wherein

the state determination unit (50G) includes a posi-
tioning determination unit (50J) configured to deter-
mine, as the state, whether the grasping part (32) is
positioned at the target position, and

the brake control unit (50H) controls the brake unit
(41) torestrict the actuation of the arm unit (30) when
the grasping part (32) is determined to be positioned
at the target position.

The work support device (10) according to claim 4,
wherein

the arm unit (30) includes a detector (45) configured
to detect the target position, and

the positioning determination unit (50J) determines
whether the grasping part (32) is positioned at the
target position based on a result of detection by the
detector (45).

The work support device (10) according to any one
of claims 1 to 5, wherein

the state determination unit (50G) includes an in-
region operation determination unit (50K) configured
to determine, as the state, whether at least a partial
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region of the arm unit (30) is likely to protrude from
inside of a set spatial region to outside of the set
spatial region, and

the brake control unit (50H) controls the brake unit
(41) torestrict the actuation of the arm unit (30) when
the partial region of the arm unit (30) is determined
to be likely to protrude to the outside of the set spatial
region.

The work support device (10) according to any one
of claims 1 to 6, wherein

the arm unit (30) includes an obstacle sensing unit
(43) configured to sense an obstacle,

the state determination unit (50G) includes a collision
determination unit (50L) configured to determine, as
the state, whether at least a part of the arm unit (30)
is in a close state in which the part of the arm unit
(30) is close to the obstacle based on a result of
sensing by the obstacle sensing unit (43), and

the brake control unit (50H) controls the brake unit
(41) torestrict the actuation of the arm unit (30) when
the part of the arm unit (30) is determined to be in
the close state.

The work support device (10) according to claim 7,
wherein

the arm unit (30) includes a force sensor (44) con-
figured to detect the direction of pressure applied to
the arm unit (30), and

the collision determination unit (50L) determines
whether the part of the arm unit (30) is in the close
state based on a result of detection by the force sen-
sor (44) and a result of the sensing by the obstacle
sensing unit (43).

The work support device (10) according to any one
of claims 1 to 8, wherein atleast one of the joint parts
(34) is horizontally rotatable, and at least one of the
joint parts (34) is vertically rotatable.

The work support device (10) according to any one
of claims 1 to 9, wherein

one of the link parts (36) and the grasping part (32)
are coupled with each other through one of the joint
parts (34), and

the joint part (34) is horizontally and vertically rotat-
able.

The work support device (10) according to any one
of claims 1 to 10, further comprising:

a movement control unit (50F) configured to
move the grasping part (32) of the arm unit (30)
to a target position; and

a reception unit (50E) configured to receive a
switching instruction to perform switching be-
tween a manual mode in which the arm unit (30)
is manually moved and an automatic mode in
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which the arm unit (30) is moved to the target
position under control of the movement control
unit (50F), wherein

when a switching instruction to the automatic
mode is received, the movement control unit
(50F) controls a drive unit (40) configured to
drive the joint parts (34) of the arm unit (30) to
move the grasping part (32) to the target posi-
tion.

The work support device (10) according to claim 11,
wherein a plurality of the drive units (40) is provided
to the respective joint parts (34).

The work support device (10) according to any one
of claims 1 to 11, further comprising a support unit
(5) that is provided to a scaffold (3) capable of ac-
commodating a worker and supports the arm unit
(30).

The work support device according to claim 13,
wherein the support unit (5) is provided to an outer
frame member of the scaffold (3) and movably sup-
ports the arm unit (30).

A work support method executed by a work support
device (10) including an arm unit (30) including a
grasping part (32) configured to grasp an object, a
plurality of joint parts (34), and a plurality of link parts
(36) actuatably coupled through each joint part (34),
and a brake unit (41) provided to at least one of the
joint parts (34) to restrict actuation of the arm unit
(30), the method comprising:

determining the state of the arm unit (30); and

controlling the brake unit (41) to restrict the ac-
tuation of the arm unit (30) in accordance with
the state of the arm unit (30).
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